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Introduction
There is widespread international evidence of persistent differences in the performance of firms even within the same sector of activity, region of establishment and class size. The causes underlying such heterogeneity are manifold, often sourced within the boundaries of the firms themselves. Among such "internal" causes, the different strategic choices concerning technological innovation and managerial practices play a crucial role (Syverson 2011) . The idea of a positive relation between innovation and economic performance has a long tradition in economics, dating back to Schumpeter (1934 Schumpeter ( , 1943 . It has become an essential ingredient in macromodels of endogenous growth (Romer 1990; Aghion and Howitt 1992; Grossman and Helpman 1991; Jones 1995) as well as in micro-models aimed at explaining industry evolution with heterogeneous firms, both in neo-classical frameworks (Jovanovic 1982; Hopenhayn 1992; Erikson and Pakes 1995) and in evolutionary ones (Penrose 1959; Nelson and Winter 1982; Dosi et al. 1995) . The interest of scholars in the link between performance and management practices, in their different typologies, is much more recent at least in economics, building momentum after the seminal contributions of Bloom and Van Reenen (2007) , Bloom et al. (2012) ; their general conclusion is that there exists a set of good managerial practices whose implementation is conducive of higher firm performance (Bloom et al. 2010 (Bloom et al. , 2013 (Bloom et al. , 2016 .
However, so far the impact of the adoption of different innovation strategies and that of different managerial practices have been typically analyzed in isolation, despite the fact that from a theoretical point of view we can expect (at least some of) the management choices to affect the managers' investment horizon, the risk bearded by workers, the alignment of individual with corporate incentives, the flows of information within and outside the boundaries of the organization and the accumulation of knowledge, all factors that, ultimately, should impact firm innovative and economic performance (Cohen and Levinthal 1990; Roberts 2004; Laursen and Foss 2003) . A major explanation for that has to do with the difficulty in collecting detailed information on both technological and organizational characteristics for the same firm. For instance, in one of the most comprehensive surveys on technological innovation, the Community Innovation Survey (CIS henceforth), organizational change is defined according to a limited set of broad categories which group together managerial practices of different nature; this allows to empirically approach the multifaceted nature of innovation and highlight the strategic role played by non-technological changes within the firm (see, for instance, Vezzani 2010, 2011) , but it inhibits an identification of the relevant organizational drivers/constrains to firm performance.
Partial exceptions are the exploratory analysis of Kremp and Mairesse (2004) using a large sample of French manufacturing firms and focusing on knowledge management, and the recent empirical contribution by Bartz et al. (2016) , covering some emerging economies and focusing on operations, strategic and human resource management. Although in the two above mentioned works the positive contributions to firm productivity of technological innovation and of "good" management practices are analyzed jointly, it is still unclear whether the channels through which the two strategic choices exert their effects are complement, substitute or independent. Moreover, both papers focus on a single input of the innovation process, namely R&D effort, whilst the literature has extensively documented in the last two decades at least that innovation is a learning process which involves multiple inputs whose diverse combinations give rise to different strategies and, ultimately, to different outcomes of the innovation process (see Smith 2004 and Mohen 2010, among others) . Indeed, for many firms, especially small and medium sized enterprises operating in technologically mature industries, investing in non-R&D activities is the main channel for fueling competitiveness and growth (MoncadaPaternò-Castello and Cincera 2012) .
Given this premise, the scope of this paper is twofold: to complement the scant empirical evidence on the relationship between technological innovation strategies and management practices, focusing in particular on those applied to human resources, and their impact on firm growth; and to study such relationship taking properly into account the complexity of the innovation process, which includes, but is not confined to, R&D investments. To do so, a unique dataset built by the Italian Statistical Office in agreement with the Economic Research Department of Confindustria and covering the Italian industrial system in the very recent years has been used.
The first step of the analysis has been the identification of different profiles of product and/or process innovators, combining factor and cluster analyses to the many variables describing inputs of the technological innovation strategies pursued in the years 2010-2012. The result has been the classification of each innovating firm in the sample according to the degree of complexity of the technological innovation process: high, medium, low. Only firms pursuing innovation strategies of high complexity invest significant resources in both (almost entirely in-house) R&D and in the acquisition of technology embedded in new machinery, equipment and software. For firms undertaking innovation strategies of medium or low complexity, instead, the latter investment channel represent a disproportionately larger weight of the total innovation expenditure and R&D efforts play a much minor role. The complexity of the innovation strategy is positively correlated with the complexity of the inno-vation outcome: the ability to introduce products new to the market, a measure of innovation radicality, is at its highest/lowest in those firms pursuing the most/least sophisticated strategies, also taking into account a whole set of confounding factors.
The analysis also reveals that firms having invested in technological innovation during the 2010-2012 period have outperformed non-innovators in the subsequent triennium in terms of turnover, employment and labor productivity growth. However there is no evidence of large differential growth premia related to degree of complexity of the innovation strategies implemented. In particular, the economic return of choosing a sophisticated approach to innovation is not statistically different from the return of choosing simpler alternatives.
A first plausible explanation is that the benefits from investing in R&D -the key feature of firms pursuing high complex innovation strategies -are deferred in time, thus not yet visible after three years, while (at least part of) the benefits from investing in the renewal of the stock of physical capital -a common feature of the different types of innovators -are grabbed much earlier by the firms, thus are already visible in the data under scrutiny 1 . This is fully consistent with the difficulty encountered in most of the empirical literature to identify a strong link between innovation and growth when the explanatory variable in represented precisely by R&D or by R&D-related patent activities (Coad 2009 for a review; Coad et al. 2016 for a notable exception), ignoring the impact exerted by other innovation inputs. A second explanation, in line with previous arguments set forth by Roberts (2004) and Manso (2011) , and evidence from lab experiments brought about by Ederer and Manso (2013) , is that the economic return from investing in R&D and other science-related activities is weakened by the contemporary adoption of performancebased pay schemes for the remuneration of workers. The reason is that science-based "innovation is the result of learning through the exploration of untested approaches that are likely to fail. Because of that, the optimal incentive scheme that motivates exploration is fundamentally different from standard pay-for-performance schemes used to motivate effort" (Manso 2011 (Manso : 1851 . Consistently with that, the analysis shows that pay-for-performance schemes are systematically associated with positive firm revenue, employment and productivity growth, but also that this positive association does not hold true for firms pursuing innovation strategies of high complexity. In particular, only for these firms the magnitude and (negative) sign of the interaction term suggest that the effect on economic performance of having in place pay-for-performance policies is null or even negative.
Thus, the analysis performed in this paper confirms the existence of potential detrimental effects that standard incentive-pay schemes may have on performance (Bloom and Van Reenen 2011 for a review), but it also provides first evidence of the heterogeneous impact of such managerial practice among different types of firms. The rest of the paper is organized as follows: section 2 describes the data; section 3 presents the methodology used to identify the different groups of innovators and the results of its implementation; section 4 describes the different human resource management practices surveyed and how they are correlated with the different groups of innovators previously identified; section 5 investigates the relations between the different choices concerning technological innovation and managerial practices and firm economic performance; section 6 concludes.
Data
The dataset used in the analysis mixes quantitative and qualitative information in order to reconstruct a comprehensive image of the manufacturing basis in Italy in the very recent years. In particular, three official sources of information have been merged: the 7th wave of the Italian CIS, covering the years 2010-2012; the 9th industry and services Census, having 2011 as the reference year; the FRAME-SBS statistical register for the years 2012 and 2015.
There is not perfect overlap among the different data sources, because the statistical coverage of the Census is the total population of firms with at least 20 employees and only a (very large) sample of firms of smaller size, while the CIS survey includes sampled firms with 10 employees or more. This implies that full information is available for around 78% out of the 4,070 manufacturing firms recorded in the Italian CIS survey. For each data source, Table 1 shows the type of information used in the analysis.
Information collected from the CIS includes not only innovation strategies (inputs and outputs) but also structural statistics on sector of activity, employment and revenues levels, the Italian headquarters' region, the belonging to an enterprise group, the geographical extent of the market and the share of workers with tertiary degree. From the Census, information regarding firm governance, the adoption of different human resources management practices, the presence of foreign direct investments (FDIs) and the principal sources of finance are recovered. Finally, the statistical register FRAME-SBS provides data on age, employment, revenue, and wage levels. 
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Identifying the profiles of innovators
The identification of the different profiles of product and/or process innovators has followed a two-stages methodology widely used in the literature, which consists of first estimating latent variables from a factor analysis applied to their answers to different sections of the CIS questionnaire, and then applying a clustering algorithm to the latent variables (see Leiponen and Drejer 2007 , Frenz and Lambert 2009 , Srholec and Verspagen 2012 . The logic is as follows: studying the correlations across CIS variables, the factor analysis identifies which of them form coherent subsets (factors); these are then interpreted, using inductive reasoning, as possible ingredients of an innovation strategy; the clustering algorithm applied to 6 these factors allows to split the sample of firms according to the degree of similarity/dissimilarity of the mix of ingredients of their innovation strategies, seeing which are common to all groups, and which are group-specific; finally, such clusters, using again inductive reasoning, are given an economic interpretation. All the CIS variables considered in the factor analysis are either binary indicators, referring to the different innovation investment channels, the existence of formal cooperation agreements for innovation and of public sources of funding to support innovation, or Likert scale variables, measuring the importance of different sources of information used to innovate, and of the different methods of protection of the innovations. The nature of the variables suggests using a polychoric correlation matrix in the factoring procedure. Extraction method used is principal-component. Results have been interpreted after the application of oblimin oblique rotation (see Srholec and Verspagen 2012 for a extensive discussion of the motivation underpinning these technical choices). Table 2 reports for each factor with eigenvalue greater than 1 the coefficients of correlation between the corresponding latent variable identified by the estimate and the CIS original variables. The economic interpretation of these factors, their "label", is derived by the reading of such correlations (named factor loadings), that is by looking at which set of variables have a high correlation with the same factor.
In particular, the table includes seven factors: three mainly related to the different nature of the investment activities, two to the sources of information, two to the ways firms protect their innovation. The factor labeled as "Science" is highly correlated with investments in R&D, both intra-and extra-muros, with information useful for innovation coming from universities and public research centers, with formal cooperation agreements signed for innovation purposes, and with public financial support for innovation. The factor labeled "Embedded technology" loads high with the acquisition of machinery, equipment and software, and with information coming from firm's suppliers. The factor labeled as "Other intangibles" captures the other channels of innovation: training, marketing and design. Another dimension identified by the factor analysis puts together information from clients, both public and private, from competitors and other firms in the same industry, which has been labeled as "Market information". The factor labeled as "Non-market information" is highly correlated with information from conferences, fairs, scientific journals and employers' associations. Among the different ways of protecting technological innovations, the analysis clearly identifies one factor strongly associated with "Formal methods", that is patents, design registration, copyright, trademarks, and another factor connected with the remaining "Informal methods", that is lead time advantages, complexity of design and secrecy. 7 Table 2 : Factor analysis on the innovation activites of Italian manufacturing firms Only factors with eigenvalues greater than 1 have been considered. Factor analysis on the matrix of polychoric correlations, using principal component factors, and oblimin oblique rotation method. Unweighted data. Factor loadings greater than 0.5 in bold.
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The k-median clustering procedure applied to these seven principal factors has lead to the identification of three groups of innovators in the Italian manufacturing, whose characterization is reported in Table 3 2 . The choice of the number of clusters, which is defined a priori and does not result from the clustering algorithm, has been made with the goal of balancing the need to give a description of the heterogeneity in the innovation processes prevailing in Italy as detailed as possible against the need to have group sizes large enough to make robust statistical inference on the determinants of firm growth. Data show that the different groups of firms are characterized by different degrees of complexity of the innovation strategies pursued. The first column of Table 3 refers to the so-called "High Complexity" innovators (HCIs henceforth), firms that beside investing in the renewal of their machineries and equipments (which account, on average, for 33,3% of the total expenditures in technological innovation) exert significant efforts in almost entirely in-house R&D activities (51,1% on average). Moreover, they make use of many different sources of information useful for innovation, both internal and external to the firm, and protect their innovations with formal and (especially) informal methods.
Columns two and three of Table 3 refer to firms labeled as "Medium Complexity" and "Low-Complexity" innovators respectively (MCIs and LCIs henceforth). These firms attach a disproportionately larger weight to investments in the renewal of their physical capital in comparison to those in R&D: on average, 55,3% against 31,3% of the total expenditures in innovation for MCIs, 57,9% against 25,6% for LCIs. Moreover, they use only a limited number of sources of information useful for innovation (higher for MCIs as compared to LCIs), while formal and informal methods of protections of innovations are typically absent.
For three out of four HCIs the technological innovation effort is accompanied also by organizational innovation and for two out of three of them by marketing innovation; both figures are significantly lower for MCIs and LCIs. The three groups of firms differ in terms of the stock of human capital detained: the average value of the categorical variable capturing the share of workers with tertiary degree is 3.5 for HCIs, while it is below 3 for both MCIs and LCIs. The value of 4 corresponds to a share between 10% to 24%, thus implying that even within firms that undertake complex innovation strategies the stock of human capital is relatively low. Finally, HCIs are, on average, double the size of MCIs and LCIs.
Some common features emerge from the analysis: all the three groups of innovators place a lot of value on information coming from suppliers, which is consistent with the high relevance attached to their investments in machinery, equipment and software; on the other hand, they consider information from universities and public research centers as almost irrelevant for their innovation strategies. By looking at the sectoral distribution of the different profiles of innovators, it emerges that HCIs are more frequent in high-and some medium-high tech sectors. In particular, in the electronic, optical and medical equipment industry they constitute almost half of the total number of firms, and they are a large share also of the chemical, the pharmaceutical and the electrical machinery enterprises. However, they play a significant role also in the textile and in the manufacturing n.e.c industries, which are typically associated with technological maturity. Overall, the HCIs are estimated to represent almost 13% of the Italian total population of manufac- turing firms with 10 employees or more, MCIs the 14%, LCIs the 19%, while the remaining 54% have not been product or process innovators in the years 2010-2012. The different profiles of innovators are associated with varying innovative performance, measured as the likelihood of having introduced at the end of 2012 products new to the market 3 . In particular, Table 4 shows the estimates of a linear probability model without and with control variables. Control variables are: sector of activity at 2 digit, class size, macro-region of establishment of the national headquarters, being part of a enterprise group, age of the firm, geographic extent of the market (national, European, international), having introduced in the same years organizational and/or marketing innovations, whether the firm is family controlled and managed by professionals CEOs, and the share of workers with tertiary degree 4 .
Results clearly show that the innovative performance is positively correlated with the complexity of the innovation strategy implemented. As such, they offer a direct testing of the goodness of the clustering procedure in isolating conceptually 3 The CIS survey distinguishes between products new only to the firms or new also to the market.
The more stringent definition of innovation has been preferred in order to isolate breakthrough discoveries, which are the natural outcome of R&D activities. 4 Because we use information from the Census regarding family control and management, the number of observations lowers compared to the original sample of innovating firms from the CIS survey. However, results are virtually the same when analysis is repeated on the larger sample, excluding the two Census variables. meaningful groups of firms. Compared to MCIs, HCIs are estimated to have a 20.7 p.p. higher probability of generating radical product innovations, while LCIs have a 9.5 p.p. lower probability. After controlling for the set of observable characteristics listed above, the differences among the groups lower but remain highly significant both in economic and statistical terms: +10.0 p.p. for HCIs as compared to MCIs, -7.7 p.p. for LCIs.
These figures are fully consistent with the complementarity hypothesis between internal research efforts and the other inputs of the innovation process in boosting innovative performance, tested by Cassiman and Veugelers (2006) and Catozzella and Vivarelli (2014) . They are also in line with the idea set forth by Jensen et al. (2007) that strategies combining science-based and learning and experienced-based modes on innovation yield better outcomes than those relying predominantly on only one of them.
Human resource management practices
The 2011 Census has surveyed nine different human resource management practices (HRMPs henceforth), which can be conceptualized, according to Gibbons and Henderson (2013) , in three groups: "High-powered incentives", "Skill development" and "Communication and local problem solving". The first group comprises individual performance pay schemes, collective performance pay schemes and promotions. The second group comprises job rotation and job enlargement. The third group comprises delegation, teamwork associated with a simplification of the organizational hierarchy, employee empowerment and quality circles.
As shown in Table 5 , at least one managerial practice is each group has been used by a relevant share of the surveyed firms. In particular, the three most frequently adopted practices are respectively employee empowerment (used in 2011 by 47,1% of the firms in the sample), job enlargement (38,2%) and individual performance pay (35,7%); the remaining practices, with the exception of collective performance pay, which was chosen by more than 25% of firms in the sample, play a residual role if any.
The vast majority of firms has adopted at least one managerial practice. However, it is rare to find firms adopting a plurality of managerial practices: the median is two and in the top decile number raises to three. The combinations of single managerial practices actually used are manifold, as suggested by the low frequencies associated with each of them: the three most represented couples are the combination of job enlargement and employee empowerment (chosen by 19.4% of firms in the sample for which information is available), individual and collective performance pay (12.7%), individual performance pay and employee empowerment (10.7%). This evidence is in line with the low HR management score registered by the Italian manufacturing firms according to the analysis of Bloom and Van Reenen (2011) . Firms pursuing product or process innovation strategies typically adopt a larger number of managerial practices as compared to not innovating firms. As shown in Table 6 , column (1), HCIs have adopted more than 2 practices with a probability that is 20 p.p. higher than that of non innovators (baseline); for MCIs and LCIs the magnitude is "only" 10 p.p. higher. Part of this difference is explained by the average size of the firm, which differs significantly across groups. In fact, as shown in column (2) which controls for size, sector of activity, macro-region of establishment of the headquarters and governance structure of the firm, larger firms tend to implement more managerial practices at once, and size is also positively correlated with the complexity of the innovation strategy pursued, with non innovators being typically smaller than the three cluster of innovators (see again Table 3 , last row).
Moreover, by looking separately at the rates of adoption of the principal managerial practices, columns (3) to (10), it emerges a positive difference between innovators and non innovators for the class of "high-powered incentives" -both pay for individual and for group performance schemes -increasing in the complexity of the innovation strategy pursued, and, to a lesser extent, for the employee empowerment policies, while no statistical significant difference is observed for the policies targeting job enlargement.
From the same columns it can be noticed that the larger the firm the more frequent, ceteris paribus, the adoption of monetary incentives schemes, but, at the same time, the lower the rate of adoption of employee empowerment policies. In other words, larger firms tend to remain highly hierarchical as compared to small sized organizations.
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Finally, by looking at the variables capturing the governance structure of the firm, it emerges that, ceteris paribus, professional managers tend to implement incentive pay schemes with a higher frequency than family-managed firms, but they are also associated with a lower recourse to employee empowerment policies. The variable capturing the family ownership of the firm, instead, is negatively associated with pay for group performance schemes and positively associated with job enlargement ones.
All in all, the descriptive analysis shown in Table 6 suggests that in the Italian industrial landscape there is no evidence of a widespread adoption of "high performance working systems", which presupposes the combination of complementary managerial practices with the objective of boosting firm performance (Ramsay et al. 2000) . Even among larger firms, the use of multiple managerial levers to motivate workers seem, to a large extent, confined to monetary incentive schemes. Note: Linear probability model used to estimate the dependent variable. The reference group is represented by non innovators. Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.
Other control variables are: sector of activity at 2 digit, macro-region of establishment of the national headquarters. HCIs: dummy for High-Complexity Innovators; MCIs: dummy for Medium-Complexity Innovators; LCIs: dummy for Low-Complexity Innovators.
5 Innovation, HRMPs and firm growth
Descriptive analysis
In order to shed first light on the relations between the technological innovation strategies and the human resource managerial practices on the one side, and the economic performance of the firms on the other side, Figure 2 plots the average growth rate between 2012 and 2015 of turnover, employment and labor productivity (turnover per employed worker) associated with each group of innovating firms and with each of the four mostly adopted HRMPs previously identified 5 . The graphical inspection shows that firms having invested in new product or process technologies between 2010 and 2012 have outperformed non innovators in the subsequent triennium despite an overall decline in the revenue and employment levels induced by the economic crisis. In terms of revenues: -16.6% against -51,6%; in terms of employment: -12.6% against -24.4%; in terms of labor productivity: -4.1% against -24.4%.
There is also some evidence of differential growth premia associated with the different complexities of the innovation strategy implemented: HCIs are characterized by the highest growth rates of both revenues (-13.1%) and employment (-3.0%), while LCIs by the lowest (-23.3% and -10.3% respectively). However, the magnitude of such differential premia are of a lower order than the gains from investing in technology per se: the least complex innovation strategies account on their own for two thirds or more of the positive performance differences associated with HCIs: around 73% in terms of revenues, 88% in terms of employment, and 66% in terms of labor productivity.
Looking at the performance dynamics associated with the different HRMPs, there is a striking difference between the resilience recorded by firms having implemented monetary incentive-based policies and the significant shrinkage recorded by firms with employee empowerment and job enlargement policies in places, which have performed, at best, similarly to firms not having implemented any of the four HRMPs. Individual and group performance pay polices, in particular, are associated with the highest growth rates of revenues (-12.5% and -14.3% respectively), employment (-11.5% and -11.0%), and productivity (-1.1% and -3.3%).
Econometric analysis
The observed unconditional log variations are very likely to reflect not only the effects of the innovation strategies and of the different HRMPs per se but also those exerted by structural characteristics of the firms and by other strategic choices put in place in the same years. In order to (imperfectly) isolate the impact of the innovation strategies and of HRMPs on firm growth, the following regression model has been estimated:
where ∆ t logY i measures the growth rate between 2012 and 2015 of the economic outcome variable of firm i, IS j,i refers to the different groups of innovators, HRM P i is a dummy capturing either the adoption of performance-based pay schemes, or of job enlargement policies or of employee empowerment policies, and X i are control variables capturing non-innovation and non-human resource management related strategic differences among the firms. In particular, the regression model has been estimated including a whole set of potential confounding factors: age, sector of activity at 2 digit, macro-region of establishment of the national headquarters, family ownership and management, belonging to a group, geographical extent of the market, existence of foreign direct investments, choice of the principal sources of investment finance (cashflow, equity, bank lending), share of workers with tertiary degree, average salary and adoption of marketing and organizational innovations. The log level of Y measured in 2012 is also included as a control.
The interaction terms between the dummies identifying groups of innovators and those refereed to managerial practices are meant to capture the extent to which the two strategic choices are complement, substitute or independent channels for firm growth. The baseline is represented by firms not investing in technological innovation nor having in place performance-based pay schemes, job enlargement, employee empowerment policies, depending on model specification. Results are shown in Table 7 .
The econometric analysis confirms the graphical inspection. There is evidence of a growth premium which is positively associated with both the decision to invest in technological innovation and to implement performance-based pay schemes, and absence of significant differential growth premia among different types of innovators, especially for HCIs. For instance, in comparison to firms not investing in innovation nor using monetary incentives, the turnover growth associated with investing in HC innovation strategies has been, ceteris paribus, 27.3 percentage points higher, very close to the figures associated with investing in MC strategies (29.2) and in LC strategies (23.3), and also to the growth premium (23.5) associated with having in place performance pay renumeration schemes (column 1, upper part). Job enlargement and employee empowerment policies, instead, are not found to directly impact on the economic performance of the firms. Table 7 also shows that while, taken individually, both investing in HC innovation strategies and using performance pay schemes are associated with a significant positive differential growth relative to the baseline, their joint adoption does not sum the two coefficients but even results in a net effect which is below that associated with HCIs alone 6 . This result holds true regardless of the outcome variable considered.
For instance, estimate of the turnover growth premium is 49.1 percentage points Note: * p < 0.10, ** p < 0.05, *** p < 0.01. All regressions include controls for: age, sector of activity at 2 digit, macro-region of establishment of the national headquarters, family ownership and management, belonging to a group, geographical extent of the market, existence of foreign direct investments, choice of the principal sources of financing (cashflow, equity, bank lending), share of workers with tertiary degree, average salary, and contemporary adoption of marketing or organizational innovations, 2012 log levels of the dependent variable. Turnover and labor productivity growth measured in nominal terms. HCIs: dummy for High-Complexity Innovators; MCIs: dummy for Medium-Complexity Innovators; LCIs: dummy for Low-Complexity Innovators.
for HCIs not using monetary incentives schemes while it is 33.3 percentage points for non-innovators using monetary incentives schemes; however, the estimate for HCIs using monetary incentives schemes is "only" 44.3 percentage points (column 2, upper part). For MCIs and LCIs, instead, estimates of the interaction terms are never statistically significantly different from zero, beside the fact that their individual effects, depending on model specification, are estimated to be positive. Thus, the analysis suggests that the benefit from using pay-for-performance schemes is null or even negative in firms choosing to invest in innovation strategies of high complexity. The same attenuation effect is not found in firms pursuing relatively less complex innovation strategies, for which pay-for-performance practices seem to act an independent channel for fueling growth.
Robustness checks
Due to the large number of variables used to control for possible confounding factors, the econometric model in equation (1) has been specified considering the principal HRMPs one at a time. However, in order to exclude that the estimated effects of having in place pay-for-performance practices are somehow driven by the contemporary adoption of job enlargement and/or employee empowerment policies, a less parsimonious model, which includes the three mostly used HRMPs and their interactions with the different groups of innovators, has been used as a robustness check. Results, not reported for reasons of space but available upon request, are qualitatively the same as those reported in the previous paragraph, reassuring about the general claim already stated.
Moreover, the analysis thus far has looked at the relation between the mix of innovation inputs, used to define the degree of complexity of the innovation strategy, and the subsequent performance of the firm, without taking explicitly into account the knowledge production process (Pakes and Griliches 1980) relating the former to the latter. In other words, we do not know whether the growth premium associated with HCIs, MCIs and LCIs is driven by product innovations, process innovations or by a mix of the two. To take innovation output explicitly into account, for each innovation strategy three dummy variables have been identified accordingly, as reported in Table 8 . There exists a positive association between the increasing complexity of the innovation strategy pursued and the scope of the change brought about. In 71.3% of the cases, HCIs have been able to introduce a combination of product and process innovations, against 46.0% for MCIs and 37.3% for LCIs.
To understand which type of innovation has driven the observed growth of the firms, equation (1) has been re-estimated, replacing each dummy capturing the level of complexity of the innovation strategies with the corresponding innovation outcome dummies, capturing only product, only process, product and process innovations respectively 7 . The analysis focuses on the possible interaction between the different innovation outcomes and the existence of pay-for-performance schemes already in place. Results are shown in Table 9 . Note: * p < 0.10, ** p < 0.05, *** p < 0.01. All regressions include controls for: age, sector of activity at 2 digit, macro-region of establishment of the national headquarters, family ownership and management, belonging to a group, geographical extent of the market, existence of foreign direct investments, choice of the principal sources of financing (cashflow, equity, bank lending), share of workers with tertiary degree, average salary, and contemporary adoption of marketing or organizational innovations, 2012 log levels of the dependent variable. Turnover and labor productivity growth measured in nominal terms. HCIs: High-Complexity Innovators; MCIs: Medium-Complexity Innovators; LCIs: Low-Complexity Innovators.
The general claim of section 5.2 is robust to this alternative specification of the model. In particular, it is confirmed that technological innovation and pay-for-performance schemes for the remuneration of workers are two different channels for fueling firm growth; and, that, in general, the benefit arising from their contemporary use sums the two individual effects only when firms pursue relatively simple innovation strategies but not the more complex ones.
Further insights can be gained from Table 9 . First, the innovation outcomes of HCIs yield more often to firm growth than those resulting from less sophisticated innovation strategies, regardless of the variable used to measure growth. For instance, by looking at turnover (column 1), it emerges that product and process innovations are associated with ex-post growth of HCIs both singularly and jointly, while these same innovations are conducive of higher growth for MCIs and LCIs only when realized jointly.
Second, in line with the general conclusions of Lachenmaier and Rottmann (2011), Harrison et al. (2014) and Hall et al. (2008) , there is not supporting evidence, at the firm level, to the hypothesis of a job-destroying net effect induced by the implementation of process innovation; quite the opposite, process innovation is found to have had, in many cases, a net positive impact of firm employment growth for the different groups of innovators, implying that its direct negative effect have been more than offset by compensation mechanisms (Vivarelli 2014).
Finally, the (joint) impact of technological innovation and managerial practices on firm growth have been analyzed netting out possible sectoral specificities. However, one may wonder to what extent the observed results vary across industries, as it cannot be excluded a priori that sectoral patterns of technical change (Pavitt 1984) affect the economic return of the different innovation strategies and of the HRMPs implemented. Indeed, it can be expected that the return from investing in R&D is maximum in sectors where innovation is primarily the result of scientific research activity, while choosing performance-related pay schemes for the remuneration of workers should benefit more those firms operating in industries where technological change takes place smoothly, so that it is easier to identify performance targets and induce workers' commitment towards those targets.
To answer this question more formally, manufacturing industries have been classified, according to a revised Pavitt taxonomy applied to the 2 digit Nace Rev. 2 classification (Bogliacino and Pianta 2010) , into the well-known "Science-based", "Specialized-suppliers", "Scale intensive" and "Supplier dominated" classes. Then, the baseline regression model of equation (1) has been re-estimated for each subgroup of industries, using pay-for-performance schemes as the relevant HRMP. Results are shown in Table 10 .
The analysis reveals, in line with expectations, that within the class of "Sciencebased" industries the economic performance of HCIs is significantly better as com- Note: * p < 0.10, ** p < 0.05, *** p < 0.01. All regressions include controls for: : age, sector of activity at 2 digit, macro-region of establishment of the national headquarters, family ownership and management, belonging to a group, geographical extent of the market, existence of foreign direct investments, choice of the principal sources of financing (cashflow, equity, bank lending), share of workers with tertiary degree, average salary, and contemporary adoption of marketing or organizational innovations, 2012 log levels of the dependent variable. Turnover and labor productivity growth measured in nominal terms. HCIs: dummy for High-Complexity Innovators; MCIs: dummy for Medium-Complexity Innovators; LCIs: dummy for Low-Complexity Innovators. Sectors grouped according to Pavitt taxonomy revised by Bogliacino and Pianta (2010) .
pared to MCIs and LCIs: they have been the only group of innovators able to systematically outperform non innovating firms in terms of turnover (57.7 p.p. difference) and employment growth (35.5 p.p.). Performance-based pay schemes are not found to directly impact on firm growth in these sectors (the coefficient is never statistically significant), except when they are used by HCIs, in which case the interaction is negative, resulting in a net reduction in firm growth. The "Scale intensive" class is the other group of industries where innovation and managerial practices exert a significant impact. HCIs but also LCIs and, to a less extent, MCIs are associated with a positive growth premium as compared to non innovating firms, whatever the variable used to measure growth. In particular, the beta estimates are very similar among the different groups of innovators, which suggests that, at least in the three-years period under scrutiny, the benefits from investing in technological upgrading of the physical capital stock -a common feature of the different groups of innovators -tend to overcome those associated with R&D and other science-related activities.
Again, in line with expectations, such industries, for which efficiency gains are a primary source of competitive advantage, are also the ones where pay-forperformance schemes are systematically associated with higher firm growth (including labor productivity growth). However, this result is true only for non innovating firms: the interaction between incentive-pay and innovation is, once again, negative (although the coefficient is not always statistically significant) and the net effect for innovating firms of using monetary incentive mechanisms is null 8 . The novelty, in comparison to what has been documented so far, is that such strategic "interference" does not affect only HCIs but also LCIs and MCIs. In the classes of "Specialized-suppliers" and "Supplier dominated" industries, no correlation between firm growth and innovation and/or incentive-based schemes has been detected. In the former group, the strategic variables that are systematically correlated with positive firm growth are: introduction of organizational innovation, family ownership, professional management, and use of cash flow as principal source of financing. In the latter group, instead, only one variable has some predictive power in the econometric model: the strong reliance on bank credit as source of business financing which is negatively associated with firm growth 9 .
Conclusions
The core of the paper has been the investigation of how the choices concerning investments in technological innovation and management of the human resources interact with each other in affecting firm growth, thus contributing "from inside the firm" to the observed performance heterogeneity within the Italian production system. The results confirm the existence of potential detrimental effects that payfor-performance schemes may have on performance but they also add to the existing literature evidence that such distortions are contingent upon the complexity of the innovation strategy pursued by the firm. When firm objective is to maximize efficiency in delivering on the existing production plan, then the adoption of pay-for-performance policies seems to be a viable solution to induce higher workers' effort which translates into higher productivity and firm growth (as suggested by the many examples surveyed by Lazear and Oyer 2013) . This applies, according to the analysis presented in this paper, not only to non innovating firms but also to most of the firms pursuing relatively simple technological innovation strategies, centered around the renewal of the stock of machineries and equipments. However, when firms need to balance the incentive to exploit the mastered technological paradigm with that of exploring unknown technological opportunities (March 1991 ) through science-based activities which are, by their very nature, subject to substantial ex-ante uncertainty and ex-post failure, then explicit performance rewards offer weak incentives to meet the goals pursued by the organization and may even destroy firm value. This is true, first and foremost, in industries whose main sources of technology upgrading are R&D activities.
Results also show that the other managerial practices commonly discussed in the human resource management literature, and in particular job enlargement and employee empowerment policies, are not found on their own to exert significant direct effects, at least in the medium-short term, on firm growth.
These results have strong implications for the efficient strategic management of the firm, as they highlight that, in order to sustain growth, it is crucial to ensure over time consistency between the human resource management practices adopted and the technological trajectory undertaken (in line with Baron and Kreps 1999) . However, this is by no means an automatic or simple task, as organizational inertia often causes firms to rely on established routines which prove to be inadequate in coping with environmental changes (Kaplan and Henderson 2005; Gibbons and Henderson 2013 
